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Design and Analysis on two-stage proportional electro-hydraulic pressure
reducing valve driven by piezoelectric actuator

YANG Qingjun', WANG Junlong', LU Qingjun®, XIONG Qinghui’
(1. Department of Mechatronic Control and Automation, Harbin Institute of Technology, Harbin 150080, China; 2. Key Laboratory of
National Defense Science and Technology of Vehicle Transmission( Beijing Institute of Technology) , Beijing 100072, China)

Abstract: A new type two-stage proportional electro-hydraulic regulator valve using piezoelectric ceramics is
promoted to cancel the requirement of pressure sensor. The piezoelectric ceramics controls the openness of pilot
valve. The pressure drops across the fixed damping hole in the pilot supplier, and the throttling orifice of the pilot
valve change accordingly. Thus the output pressure of pilot stage is controlled by the piezoelectric actuator and it
serves as the command pressure to the main stage. The detailed structure and working principle have been given,
and mathematical models and simulation models have been established. The influences of structural parameters over
static and dynamic performances have been studied by Simulink simulation. A tuning spring has been employed to
extend the lower bound of output pressure to 0. A three-land main spool has been employed to reduce the flow force
and increase the precision, which is verified by flow field analysis. Proper feedback damping hole has been chosen
according to dynamic simulation to ensure dynamic performance of pressure reducing valve. The new type valve
proved to be able to work as a pressure reducing vavle without empoying a pressure sensor, and it has good output
pressure range, pressure precision and fast and steady dynamic response.

Keywords: piezoelectric actuator; proportional electro-hydraulic reducing valve; mathematic model; three-land
main spool; dynamic characteristics

158 LW L) 1) — BRI L RERVE - Lindler %517 I HIBUZ 2C i HLAVE 3h 4% 1 320K Sl It

HUBE TP, LU b g B i 1 g -5 DA il e 37
FU] iR A A RS L, S A AR IR 5 — i
(B A5 7 LR, 20 2518 # FF 08 2P . P s
Wt ) T 2 phy R g Bk, DA T 522 B B 491 s g 1 2
AEN VL TR AR SR R AR R R
LA T RO B Y BT, T A R
SEN AR SRt 1 IR, R 2T E R
Fe HAR Bl e 2E AT T 90 M AR Iz 1 A L 4] 1 ) T

i B4 2016-05-27

E£WH . HRARF#ES(51675119)
VEETEN . MRk (1972—) 5B fIHEE ARSI
BIS1EE: MK, yqj@ hit.edu.cn

IR FIATAT UL AL JE R ML X i i 2 3% AT HOR
07 F AT 3K 300 wm, [H 3l 25 55 4 A B4R, Bauer
AR P F B S S ORI, 4 5K 5 1 1
e, B T 1 050 Hz A9 &5 400, 1/ S 3.5
MPa, Jitt 9 L/min; WEE K2 Reichert 55 B i
T 7 s H, IR gy ] i R A R ) TR e 1)
L P M SR 5 7P R 3K TR 1 f — 4 2R
Ty — AP AR, DT A ) T I gl VR A RR
A5 1OV LTI 0 L P O B s ) Sl A
J3 U0 R A A B R S T T
FLIR S0 1) = T PWM sl g LBl i 2 A
PR s T IS Sl A | 1) AL # A% A 04T AL A



57

WA, 25 o s AR Sl 2 S Sl 9 2 ri g L s T 1 323 A - 47 -

S, S R RS A B — PR R S 4R
1 Sl S R IR Tl R B i AR U
BRI, W T — P LR 25 0 S S /Y
VO IR W 3 e A4 T g A TRt 5 R R ) i s
il ARG DU e R R ST i
AL BHERCRHUA O i 02 AS , Ji i — 7l e L 4K
By R R YRCAR] A R T R K Bl %, e o S B R LG UE
P ENZIK S B A AT kHz, T A AEshd A
Jot b SRR AL A, DR AR 56 T A A R e
A LR . T T ) He i R ek A
9 R T HARRE L, A 0k A BT R W 5T R R T s
3 T DN R RS P B8 7 3R A g AR N
LR TRCRIAME,, B U % A .
ARICRE — Pl A Ay, Jos T ) 1 s i A
P, RIVRTSEBE R 10 7 A9 e . AR J U )
P E SR Yo e RO E Il ad S 1 11 555
SIS Y I LAY 0 e DR SEEX S e s
. PSS TR, R BRI L s . el T
LB S P i A2 e T T S5 A e T He 4]
AR R BRI R

1 BEHE TERAE

12 e e SR A L L I S O U T N S R (B
o [P R i 22 2 TSR b SO T R A T TR
LR A% A Bl i 10 5 328 42 MR R T 4 B0 5 1R
eI e T I JRE TS 4, A R AL AR i 1Y AL
32 I I 1T e LA gl g il
R
T A
S
Je e il 4%

SRR EN R

1 bEBIXEERLEA
Fig.1  Structure of proportional reducing valve
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Fig.4 Flow field contour of 1 mm opening
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Fig.5 Flow field contour of —1.6 mm opening
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